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Gentlemen I Ladies 

In accordance with FIFRA 6(a)(2) and 40 CFR Part 159.184, we are hereby submitting an 
aggregate report for adverse incidents attributed to our products for the period of July 1 si, 
2005 thru September 301

h, 2005. 

Enclosed please find the following items: 

1. FIFRA 6(a)(2) Aggregate Report for the period of07/0l/05 thru 9/30/05 

We believe this to be an accurate report based on the information provided to us. 
However, we cannot guaranty the accuracy of the information provided. 

If you should have any questions regarding this matter, please do not hesitate to contact 
me 920.326.2477. 

Sincerely, 
HACCO, Inc. 

C)~~ 
Judith A. Thompson ~ 
Registration Manager 
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Hacco, Inc. 
FIFRA 6(a)(2) Aggregate Report 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 Page 1 of 3 

Product Registration Number: I Time Period Covered: l~otal Incidents: 
61282-12 07/01/2005 - 09/30/2005 
Active Ingredients: 
Diohacinone 0.005% 

!Product Name (if known): 
Ramik Bars All-Weather Rat & Mouse Killer 

Internal ID: Exposure Types and Severity Category Designations 
H-D I H-E I D-A I D-B I D-C,D,E W-B I P-B I ONT G-B I G-C 

I I I I I I I I 
Additional Information: 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 Page I of 3 

Product Registration Number: ITime Period Covered: !Total Incidents: 
Unknown 07/01/2005 - 09/30/2005 Unknown 
Active Ingredients: I Product Name (if known): 
Zinc Phosohide 2.0% Zinc Phosnhide Products 
Internal ID: Exposure Types and Severity Category Designations 

H-D I H-E I D-A I D-B l D-C,D,E W-B_ l P-B l ONT G-B I G-C 

I I I I WOI l I 
Additional Information: Infonnation reported is based on article in the Journal of Wildlife Diseases, Zinc Phosphide 

Intoxication of Wild Turkeys .• 41(1), 2005, PP.· 218-223. No spe~~duct was mentioned, nor was a total number of 
animals effected. Ar'~C..U... OtM'Jlt~~ 1;, c:..t ,., :C:O '" '177 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 

Product Registration Number: ITime Period Covered: l~otal Incidents: 
61282-14 07/01/2005 - 09/30/2005 
Active Ingredients: !Product Name (if known): 
Zinc Phosohide 2.0% Prozao Zinc Phosnhide Oat Bait 
Internal ID: Exposure Types and Severity Category Designations 

H-D I H-E I D-A I D-B I D-C,D,E W-B I P-B l ONT 

I I I I I I I 
Additional Information: 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 

Product Registration Number: 
61282-15-1117 
Active Ingredients: 
Warfarin 0.025% 
Internal ID: 

H-D I fl;;E 
I 

Additional Information: 

I Time Period Covered: 
07/01/2005. 09/30/2005 

l~otal Incidents: 

I 
I 

I Product Name (if known): 
Fort Dod!!e Bar Bait 

Exposure Types and Severity Category Designations 
D-A I D-B I D-C,D,E 

I I l 

110 Hopkins Drive 

Randolph, WI 53956 

(920) 326-5141 

(920) 326-5135 

W-B I P-B I ONT 
I I 

Page 1 of 3 

G-B I G-C 

I 

Page 1 of 3 

G-B I G-C 
I 



Hacco, Inc. 

FIFRA 6(a)(2) Aggregate Report 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 Page 2 of 3 

Product Registration Number: ITime Period Covered: l~otal Incidents: 
61282-26 07/0112005 - 09/30/2005 
Active Ingredients: 
Diohacinone 0.005% 

I Product Name (if known): 
Ramik Mini Bars All-Weather Rat & Mouse Killer 

Internal ID: Exposure Types and Severity Category Designations 
H-D I H-E I D-A I D-B I D-C,D,E W-B I P-B I ONT G-B I G-C 

I I I I 1 l I I 
Additional Information: 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 Page 2 of 3 

Product Registration Number: I Time Period Covered: l~otal Incidents: 
61282-33 07/01/2005 - 09/30/2005 
Active Ingredients: 
Warfarin 0.025% 

I Product Name (if known): 
Honkins RODEX Pelleted Bait-! Kills Rats & Mice 

Internal ID: Exposure Types and Severity Category Designations 
H-D I H-E I D-A I D-8 I D-C,D,E W-B I P-B I ONT 

1 I I I I I I 
Additional Information: 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 

Submission Form October 19th, 2005 

Product Registration Number: ITime Period Covered: l~otal Incidents: 
61282-46 07/01/2005 - 09/30/2005 
Active Ingredients: I Product Name (if known): 
Dinhacinone 0.005% Ramik Green 
Internal ID: Exposure Types and Severity Category Designations 

H-D I H-E I D-A I D-B I D-C,D,E W-B I P-B I ONT 

I I I I 5 I I 
Additional Information : 

FIFRA 6(a)(2) Aggregate lncfdent and Effect Information Submission Date: 

Submission Form October 19th, 2005 

Product Registration Number: 
61282-48 
Active Ingredients: 
Diohacinone 0.005% 
Internal ID: 

H-D I H-E 
I 

Additional Information: 

I Time Period Covered: 
07/01 /2005 - 09/30/2005 

l~otal Incidents: 

I 
I 

IProductName (if known): 
Ramik Green Bait Pack 

Exposure Types and Severity Category Designations 
D-A I D-B I D-C,D,E 

I I l 

110 Hopkins Drive 

Randolph, WI 53956 

(920) 326-5141 

(920) 326-5135 

W-B I P-B I ONT 

I I 

G-8 I G-C 
I 

Page 2 of 3 

G-B I G-C 

I 

Page 2 of 3 

G-8 I G-C 

I 



Hacco, Inc. 
FIFRA 6(a)(2) Aggregate Report 

FIFRA 6(a)(2) Aggregate Incident and Effect Information Submission Date: 
Submission Form October 19th, 2005 

Product Registration Number: 
61282-49 
Active Ingredients: 
Zinc Phosohide 2.0% 
Internal ID: 

H-D I H-E 
I 

Additional Information: 

I Time Period Covered: 
07/01/2005 - 09/30/2005 

l~otal Incidents: 

I 
l 

I Product Name (if known): 
Prozao Zinc Phosnhide Pellets 

Exposure Types and Severity Category Designations 
D-A I D-B I D-C D,E 

I I 1 

110 Hopkins Drive 

Randolph, WI 53956 

{920) 326-5141 

(920) 326-5135 

W-B I P-B I ONT 

I I 

Page 3 of 3 

G-B I G-C 

I 



P.F.cw=pr~-:n AUG I 7 2005 

SHORT COMMUNICATIONS 
Journdl ufWl/rlllf• ~. 41(1), llOOll, Pl'· 211.>-2:m 

c W11tUJre Dllaaslo Auoc1n1ion 2005 

Zinc Phosphide Intoxication of Wiid Turkeys (Me/eagr/s gallopavo) 

Robert H. Poppenga,1·• Andre F. Zlegler,1-' Perry L H1beckat,1 Don L. Singletary! Mark K. Walter,• and 
Paul G. Miiie,. • The Pennsylvania Animal Diagnostic Laboratory System Bl New Bolton Center and the lab­
oratory of Pathology and Toxicology, School of Veterinary Medicine, University of Pennsylvanla, 382 W. Street 
Road, Kennett Square, Pennsylvania 19348, USA; •The Pennsylvania Veterinary Laboratory, Harrisburg, Penn­
sylvania 17110, USA; ~ Current address: Minnesota Veterinary OlagnosUc laboratory, University of Minnesota, 
1333 Gortner Avenue, st. Paul, Minnesota 55108, USA; and 4 Corresponding au1hor (email: rhpoppengaO 
uedavls.edu). 

ABS"fMCT: Zinc phosphide (Zn3P2) is a roden­
ticide used to control a variety of small mrun­
mal species. It is available over-the-counter or 
as a restricted-use pesticide depending on how 
lt is to be applied. The toxicity of Zn3P2 is de­
pendent on· the species exposed, whether the 
animal is able to vomit or not, and whether it 
is ingested on a full or empty stomach. Non­
target species cnn be exposed through inadver­
tent or intentional product misapplication. In 
this article we describe four mortality events in 
which wild turkeys (Meleagns gallopavo) were 
believed to have been intoxicated following the 
ingestion of baits contnining ZnaP2. 

KBy words: Intoxication, Meleagris gallo­
pavo, poisoning, wild turkeys, zinc phosphide. 

Zinc phosphide (Zn3P2) is a dark-grey, 
crystalline compound used as a rodenti­
cide to control rats, mice, voles, ground 
squirrels, prairie dogs, nutria, muskrats, fe­
ral rabbits, and gophers (Casteel and Bai­
ley, 1986; Clarkson, 2001: Meister, 2001). 
It is used on crop and noncrop areas in­
cluding nut and fruit orchards, Christmas 
tree fanns, lawns, golf courses, nurseries, 
highway medhms, and wetlands (US EPA, 
2004). Approved bait fonnulations are pri­
marily g1'ain-based, but a tracking powder, 
a c:oncentrate usf:!d to formulate grain­
based baits. and meat- and fruit-based 
baits are available. Concentrations of 
Zn3P2 range from 1.82-2.00% for most 
prepared baits to 10% for the tracking 
powder. The concentrate is 63.2% Zn3P2. 
Baits containing Zn3P2 are available over­
the-counter (OTC) or as a restricted-use 
pesticide (RUP) depending on whether 
the formulation ii; designed to be placed 
underground in burrows (OTC) or to be 
usecl above ground (RUP). 

Zn:3P2 is toxic to wild birds. nontarget 
mammalian species, and freshwater fish 
(Casteel and Bailey, 1986: Extoxnet, 1996; 
Knight, 2001). However, toxicity varies 
mnong species (Albretsen, 2004). Lethal, 
oral doses of Zn3P2 for most domestic 
mammalian species are reported to be be­
tween 20 mw'lcg and 40 mWJcg body weight 
(Casteel and Bailey, 1986; Albretsen, 
2004). The rodent, oral, median lethal 
dose (LDso) of technical-grade Zn3P2 is 
reported to be 45.7 mg/kg (Clarkson, 
2001). The minimum lethal, oral dose for 
chickens given technical-grade Zn3P2 com­
bined with starch in gelatin capsules is 10 
mg/kg body weight (Robertson et al., 
1945), whereas the oral LDso for part1idg­
es and pheasants (species not reported) 
given ZnaP2 applied to wheat is 26.7 mg! 
kg body weight <Janela and Bosseovn., 
1970). White-fronted geese (An.'i'er lllhi­
frvris) are the most sensitive nviun species 
thus far tested with nn onJ LD150 of 7 .5 
mglkg technicnl-gmtle ZnaP2 when applied 
to hulled 01:1.ts (Glnlm unc.1 Lumper, 19H3). 

Zn3P2 has n disagreeuhle odor rc:~SC:'m­
bling acetylene or rotten fish (Custcd nn<l 
Bniley, 1986). It is hydrolyzed in the uci<lic 
environment of the stomach, liberating 
phosphine gas and free mdicals. Zn:1P2 is 
more toxic when ingested with food be­
cause it lowers the stomach pH (Stowe et 
al., 1978). 

There are several case reports of wildlife 
and domestic animal intoxicution following 
ingestion of Zn3P2 (Mohr, 19.59; Stowe t!t 
al .• 1978; Glahn and Lamper, 19H.'3; Drolet 
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et al .. 1996). However. there have been no 
published reports of intoxication in wild 
turkeys (Meleagrl.s gallopavu). We report 
here a series of cases submitted to the 
Pennsylvania Animal Diagnostic Labora­
tory System (Kennett Square, Pennsylva­
nin, USA) in which the deaths of wild tur­
keys were attributable to ingestion of 
Zn3P2 used for rodent control in orchards 
and tree nurseries. 

( 

The Brst mortality event occurred in 
February 1998. Nine turkeys were found 
dead along an old nulroad bed near two 
orchards in southeustern Pennsylvunia 
(Montgomery County, 40°07'N, 75°20'W) 
by a wildlife conserva.tion officer (WCO) 
with the Pennsylvantu Game Commission 
(PGC). Several of the carcasses showed 
evidence of predution or scavenging. The 
carcasses were submitted for necropsy. 
Gross-postmortem examination revealed 
four birds with congested lungs. two with 
hepatic and peritoneal hemorrhages, and 
two with petechial epicardinl hemon·hag­
es. A variety of seeds was found in the giz­
zi.trds. The most numerous were uniden­
tified lll>ecies of smartweed (Polygcmum 
sp.) and wild grnpe (Vitl.r i.1>.) that were 
detennined to be insi~nificunt ns u cause 
of denth. Microsc.'Opic exuminution of lung 
specimens showed severe congestion, in­
terstitinl edema, and mild, interstitial in­
Hmnmntlon thnt wus Ilredomimmtly het­
erophilic. Aernhic huctcrial cultures of 
lung, liver. and pc~ricurdinl fluid spl~ci111t~m; 
were nep;utive. A 1m~tul sc.·1·t~t·n or kidney 
51.unples for m·sc•nic. cndmitm1, t•ull'i11111, 
copper, iton, lftncl. 11mg1H•si11111, 1111m~a­
ne.11e, molybdenum. total phosphorus, Sl'­

lenlum, zinc, n11d thulli11111 pt~rli:m11l•tl hy 
inductively l.'011pled plusma nHL'IS sp~c­
trometry Wl\S nep;ntivt~. A pooled immpk~ of 
crop contents wns negutive fo.r cyanide or 
other c.·mnpound'I detectable with routine 
screening by gas chromatography-muss · 
spectroscopy (GC-MS) such as org1mo­
phosphate insecticides. However, phos- · 
phine was detected hy GC-MS, hut not 
quantified. in tlw poolc~d smnple. Tht~ 
owner of one of the orchards mlmitted to 
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using a zinc-phosphide buit for rodent 
control. Although allowed by the label, the 
bait was placed dire<..'tly on the ground. 
which was ac.-cessible by the turkeys. 

The second mortality event occurred in) 
Dec.-ember 1999. Eleven., frozen, wild tur­
key carcasses were found by a WCO with 
the PCC adjacent to n woodlot and peach 
orchard in northwestern Pennsylvania 
(Erie County, 42°07'N, 80"05'W). The 
dead turkeys were purt of a Hock of ap­
proximately 33 birds being fed by u home­
owner adjacent to the orchard. Seven car­
casses were submitted for necropsy. Three 
of the seven carcasses were severely tlmn­
llged by predntors or sca.vengen; antl were 
not snitnble for necropsy. The other four 
curcusseii were in rensonably good con<li­
tion, nnd all four birds had crops Alled 
with grain and grass. Dark, hemorrh1igic 
lungs were noted in till birds; there were 
no other consistent lesions noted. Post­
mortem autolysis and free7.e-thaw urtifocts 
precluded an ac.'Curutc histologic evalun­
tion. A variety of tisimes, includin~ hmin 
and crop contents, \Yel'e colleded for tox­
k-olot,ric testing. Historicl\lly, severnl pesti­
cides hnd heen used on tlw fmill where 
the hircloi were fouutl. indmling diphaci­
nonc. methomyl, cliuzinon, guthion, clinwth­
oute, carharyl. curhofuran, ptirnwthrin, 
nwthyl pumthio11, d1lurothalo11il, mctrih11-
:;fo, uml Zn.1P2. Llwr tiSStt<! wus m~1~utivt! for 
1mtfconw1hmt rmle11tkicles (hmdifitco11111. 
hrnmodiolom... d1lorophuch1rnw. c.•ou 1111\fi 11·-

yl. clHenu.c..•onm. dllC.•thiolone. diplmdnrnw. 
pimlmw. vnlon<:!, or wnrliufo). GClneml or­
J(l\llit' dwmic.111 sc.·1t~<·ns hy GC-MS mul liq­
uid ch1·umutography-mass spt~drosc.·npy 
wt•n• 1wgutiw for 01-gimopho..,vlmh· or mr­
hamat<~ lnst•ltic.:idl"-li. Bl'<.'1\1\Sl' of 11 history or 
tlw lllll:! of Zn:1P2 uml J..•011slst<.m t, gros.; lt•­
sions of pulmomuy edema, crop L'ontcnts 
were tested for phosphine hy GC-MS and 
found to he positive. The phosphine wns not 

The third mortality l'Ve11t occ111Ted in 
quantified. v 
January 20<H anti involvt'd tlw dl•nths of 
six wiltl tiwkt•ys i11 south <.'t'lllT'l\I Pl•nnsyl­
vaniu (AdmHs County. :3H"4WN. 77°1:3'W). 
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One turkey was radio-tagged as part of a 
population study being conducted by the 
PCC. Investigation of its lack of move­
ment led to the discovery of the six turkeys 
at a roost site approximately 50 m from a 
fruit orchard. One carcass and four crops 
were submitted to the laboratory for ex­
amination. All five crops contained fruit 
pulp and skin that appeared to be derived 
from apples. In addition, all crops c.-on­
tained blue-green material with a doughy 
consistency along with unidentified seeds, 
grasses, and leaves. There was a suspicion 
that the birds might have been exposed to 
Z03P2 because the rodenticide was used in 
the proximity of the birds. Crop contents 
were tested for zinc. Zinc concentrations 
in the five crops, detennined by atomic ttb­
sorptlon spectroscopy, were 40 parts per 
million (ppm), 438 ppm, 975 ppm, 1,513 
ppm, and 1,850 ppm (wet weight). The an­
ticoagulant rodenticide, chlorophacinone, 
was also detected by high-perfonnance 
liquid chromatography but not quantified. 
Zinc concentrations in two control-turkey 
crops were detennined to be 16 and 1 
ppm. A diagnosis of Zn.1P2 intoxication wns 
made bl\Sed on n history of the use of 
ZnaP2 in the nren, apparent sudden deaths 
of seveml birclc;, high concentrations of 
zinc in four of five crop contents, and no 
evidence of' a congulopnthy. consistent 
with chlorophucinone intoxicntion, on 
postmortem examination. 

MoJ'tu.lity evtJnt number four o<.'(.:urred in 
Fehn.uuy 2<Kl2 imcl involved ten bink Ail 
wc1'(;! founcl dead on the ground within 42 
m2 in westem Pennsylvm1iu (Allegheny 
County. 40°2.5N, W0 47W) hy a loc:al home­
owner who notifi~d a WCO with the PCC. 
Two carcasses were heavily scavenged; 
eight were submitted for necropsy. Al­
though there was evidence of some scav­
enging and autolysis, the carcasses were in 
relatively good postmortem condition. 
Gros.sly. nil birds were noted to have dark 
red to blac:k lungs; several lung.'! were sat­
urated with semsanguineous fluid. Fecu] 
exumim1tion for intestinal pant.sites was 
negutive <L'i were aerobic l:ultures of liver 

and pericardiul samples for bacterial path­
ogens. Analysis of crop contents was posi­
tive for phosphine using a colorimetric pro­
c.oedure. A ZJ13P2-laced, cracked-com bait 
had been used according to label directions 
for mouse control by a nearby nursery. The 
bait had been broadcast between rows of 
fruit trees. The same procedure had been 
used fur a number of previous yeBl'S with­
out apparent problem. However, it was be­
lieved that the lack of snow cover made the 
bait more readily accessible by the birds. 

Zn3P2 has been used as a rodenticide 
for many years and was particularly pop­
ular during World War II, when the supply 
of red squill (Urgtnea marttima), contain­
ing the active ingredient scilliroside, was 
limited (Casteel and Bailey. 1986). For 
many rod.enticide applications, the antico­
agulants have replaced Zn3P2. However, 
Zn3P2 is still readily available and has a 
range of both crop and noncrop uses for a 
variety of small-mammal pests (Casteel 
and Bailey, 1986; Clarkson, 2001; Meiste1~ 
2001). Zinc phosphide is direc.1:ly ini.tating 
to the gastric and intestinal mucosa and 
causes mpid emesis (Casteel and Bailey, 
1986). 111e ability of many nontarget mam­
malian and avian species to vomit, com­
pared with thtl innbility of mnny target 
mammalian species to vomit, confers some 
degree of selec.tivity of Zn3P2 ns a roden­
ticide. However, it is a highly toxic com­
pound to most species (C~L'iteel uncl Buj)ey, 
1986; Extoxuet, 1996; Knight, 2001 ). The 
fnherent toxicity of Z113P2 cumbine.<l with 
baits_ thnt cont1ti11 rt!latively high concen­
tmtions makes its use potentially hmmrd­
ous for nonturget species. For this renson, 
above-ground application is rest1;cted to 
licensed individuals. 

Populations of \vild turkeys have in­
creased dramatically in 1-a•tmt years in many 
areas of the country where they hac.l been 
largely extirpated (Dickson, 1992). Given 
the in<.Tea."iing numbers of wild turkeys, it is 
likely that there will be n higher prevalence 
of intoxication from commonly used insec­
tickles and rcxlentic:icles. All four mortality 
events occurred during winter when other 



food items may have been scarce and baits 
containing Zll,)P2 more attractive. It is be­
lieved that birds will generally avoid baits 
containing ZnaP2 if other food is available 
(Glahn and Lamper, 1983). Assuming that 
wild tw-keys are ~ sensitive to Zn3P2 as 
pheasants (LD&> of -26 mw1cg body weight; 
Janda and Bosseova, 1970), a typical. adult, 
female, wild turkey weighing 5 kg would 
only have to ingest approximately 6 g of a 
2.% bait to reach a potentially fatal dose. 

As is the case with the most wildlife­
mortulity events, animals are most often 
found dead with no prior observation of 
clinicltl signs. In addition, the qmtlity of 
samples ltvailable for poshnortem exnmt­
nntion is genernlly poor, which precludes 
good hlstopttthologic, microbiologic, and 
virologic evaluations. In mnny cases, only 
gl'Oss-postmortem examiniltions and toxi­
cologtc analyses cm be performed. Le­
sions associated with Zn:iP2 intoxication 
are nonspecific oncl primarily involve gen­
erallred organ c:ongestion. In the cases de­
scribed here, notable pulmonary conges­
tion was the only clue to possible intoxi­
cution by this rodenticicle. In some cases, 
pen.-eptlve dingnostiduns mny note a dis­
tinctive odnr to the ~ustrointestinul con­
tents, which hns been described us smell­
ing like acetylene. (..,'Urlic, or rotten fish 
(Custccl um! Builey. HJH6). 

Titcre are seve.rul nnulyticnl upprrnlc.•hes 
to tlfltecHn~ Zn:iP2 induding c:olorimt>tric, 
gus chro11u1to~mphy, mHl GC-MS nwthocls 
(Gu11le L't 111.. H>H4; Drolet ct tJ .. HJHCi; 
St<Wn<:n·, IH~)O). All iuvolvl .. tlw dt .. t<~d:inn of 

phoi;phi11t• J_tlls untl not h1tut.·t ZnaPg. Crop 
or 11tomud1 C.'(11\tt•nt sumplPs art• Ill"C.~li:·rr< .. d 
tu c.·onfinn <~xpostirl' hl!<.~tusl• otlwr samples 
nre unlikely to <.·ontain dc. .. tt•t:tahle crn1c."tm­
tmtions (Robertson t"t tJ., IU4.5; Mutschk<:' 
et ul., 1992; Guulc ct ul., 1994). Phosphine 
gns cllssipntes mpicUy in air, ~n<l ideally, 
samples or gastruintei.tinaJ contents should 
be packed In air-tight containers and stored 
and shippt~d fr0:r.e11 to prevent phosphine 
Joss (G1mlc et al., 11:}94). Altemntively, 11 fm­
:r.en, whole c.:urcass can l>t> sul11nitted. Phos­
phine.• rec.•owty from ~nstrointestinnJ tn1cts 
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declines as the posbno1tem inteival in­
creases (Robertson et al., 1945). However. 
in the described cases, no particular pre­
cautions were taken to preserve gastroin­
testinal contents samples, so less-than-ideal 
sample handling should not preclude an at­
tempt to detec:t phosphine. Although phos­
phine was not qunntifled in the three C'clses 
in which it was detected, its presence, •tlong 
with other case information, was deemed 
sufficient to support l\ diagnosis of Zn:3P2 
intoxication. The diagnosis in event number 
three is the most tenuous bec.1tuse testing 
for phosphine in gastrointestinal <."ontents 
was not pe1fonned An indirect h1Clicution 
of ingestion of Z113P2 involves the mensure­
ment of e1evnted C.'Oncentmtions of zinc in 
gi:utrointestfnal <.'Ontents nnd tissues (Cns­
teel lUl.d Bailey, 1986). Detection of 7.inc at 
1,513 ppm and 1,8.50 ppm (wet weight) in 
two of five subnutted crop contents. along 
with the known use of Zn3P2 within 50 m 
of the dead birds, is highly suggestive of 
intoxication. Zinc concentmtions in n vari­
ety of seedci and gnt.'\.'les are genemUy well 
below 100-ppm wet weight (NRC, 19R2). 

Like Zn3P2. u.Juminum phosphide {AIP) 
clegmdes readily to relea.<ie phosphin<.~ gns 
(H:iP). Aluminum phosphide is used p1i­
mt1rily as u fuml~nnt of enclosc.""<l s..rrnin stor­
u~e ancl tmnsport orcns 1mcl, less common­
ly, in mclentic.'ide bl\its and for fumigution 
of rodent hnrmws. Although wildlif-ti spP~ 
cies art~ less likc..~Iy to he t!Xpos<.~cl to AIP. 
ck•tet'tion nf phosphilH:! In J.{IL'ltmint<~stinnl 
c:ontcmts dm~:. not clill"c-1re:•ntint<" ht:'t-wc .. t•n 
tlw two, mu] n din~nosis should he hnsl'd 
on exposurt~ history l\lltVor dcMlt<•c.l t.•011-

c.~11tmlfo11s of :t.im· in 1-t1L<ilrni11h':.tl11nl c·rn1-
tm1ts uml tissues. 
Cumpnn.~d with otlll'r rodc•ntic.:ides. s11d1 

us stl)'c.'hninc nn<l compouncl 1.01'!0. Z113P2 
presents less 1isk of a )etluJ, se<.:un<lary in­
toxication to scnvengcrs, such as fr>xes, 
<logs, cats, and mptors, following their in­
gestion of a tar~et species killec.l hy Zn3P2 
(Bell. 1975: Hill und Carpc~nter, HJH2: 
Mutschke et al., H.>92: Stemt~r unc.1 Maul­
din, 1995; Stt"mer, J m.>n). 111 ont"' study. it 
w1t.~ estimllt(~d thnt t'ats 1111cl <logs of vm;omi 
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I 
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body weights would have to ingest be­
tween five and 84 7 intoxicated voles in a 
short period of time to approach a lethal 
dose {Stemer, 1996). 

The mechanism of toxic action of Zn3P2 

ls not clear. It is likely that phosphine gas, 
released in acidic portion.11 of the gastroin­
testinal tract and absorbed, causes oxidative 
tissue clnmage {Hsu et al., 2002). Damage 
to heart and lungs is likely to be responsible 
for early denths. Onset of clinical signs fol­
lowing ingestion is vwiable but is most of­
ten within 4 hr (Casteel nnd Bailey, 1986). 
Partridges and pheasants developed clinical 
signs between 2 hr w1d 6 hr after ingestion 
(Janda and Bosseova, 1970). Clinical signs 
are nonspecific; experimentally poisoned 
poultry exhibited depre~ion, ruflled fenth­
ers, anorexia, l\Od dhuThea (Roberston et 
al., 1945). Partridges and pheasants exhib­
ited listlessness, w1orexia, tachypneu, stiff­
ness, 1rnd muscle sp<Lcims (Janda and Bos­
seova., 1970). Likewise, pustmortem lesions 
are nonspeciflc. Gross lesions are limited to 
genenilized orgrut congestion and pericar­
diul, pleural, and peritoneal effusions. His­
tologic cl11mges in Intoxicated poultty in­
clude venous c."Ongestion, cloudy i.welling in 
the epitheliul cells of the small intestine, 
and fatty degenemtion in the li~r. (Rob­
ertson et ul., 1945). 

Direct inp;estion ofZn:iP2 hait.s by mnny 
wiltllili:! i.1lecles am <:nuse intoxic:ution iuul 
should he consi<lered In the difTerentinl di­
agnosis of any wildlifc-mortulity event in 
regions in which it is used. The risk of 
nrn1turget-11nimul i11tux:it·ntion fmm inges­
tio11 of'lmit t·un ht- minimized hy following 
lah~I di rectlons. Secondary intoxicution of 
scavl~uger 1t1>ecle11 ts unlikely. 
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